A cute lung injury (ALI) and ARDS are a complex response of the lung to direct or indirect insults, characterized by sudden onset severe hypoxemia, radiographic evidence of bilateral pulmonary infiltration, and absence of left-heart failure. 1 Despite improvements in supportive care and sophistication of respiratory support over the last decade, ALI is still associated with mortality rates from 40 to 60%. 2 Several factors have been identified as being asso ciated with increased mortality from ALI, including sepsis, [3] [4] [5] the presence of comorbid diseases or chronic conditions, [3] [4] [5] [6] the degree of associated non-
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respiratory organ dysfunction, 1, 6, 7 and factors associated with management, such as fluid loading. 8 More recently, lung protective ventilatory strategies have been proposed based on the large body of animal data indicating that mechanical ventilation with high tidal volumes is associated with a pulmonary injuryindistinguishable from ARDS. 9, 10 However, despite a large clinical trial, the ARDS Network (ARDSnet) trial, which showed that compared to a ventilatory strategy using a tidal volume of 12 mL/kg, a tidal volume of 6 mL/kg decreased the mortality rate by 22% 11 in a wide spectrum of patients including those with sepsis. 12 Weinert et al 13 and Young et al 14 have demonstrated that this low tidal volume approach has not been widely adopted into clinical practice. Moreover, Eichacker and colleagues, 19 on the basis of a metaanalysis of the five clinical trials 11, [15] [16] [17] [18] testing mechanical ventilation with low tidal volumes in patients with ALI, suggested there was a parabolic relationship between tidal volume and outcome with a greater risk of mortality associated with low, as well as high, tidal volumes.
We assessed the incidence of ALI/ARDS, factors associated with mortality, and effective use of the low tidal volume ARDSnet protective ventilatory strategy in a large cohort of European ICUs, 20 examining the hypothesis that sepsis, comorbid diseases, degree of organ dysfunction, fluid loading, and deviation from the ARDSnet protective ventilatory strategy could worsen outcome of patients with ALI in a large cohort of patients admitted to European ICUs.
Materials and Methods

Study Design
This prospective, multicenter, observational study included all patients Ͼ 15 years old newly admitted to one of 198 ICUs participating in the Sepsis Occurrence in Acutely Ill Patients (SOAP) network in 24 European countries during a 14-day period from May 1, 2002 , to May 15, 2002 . Clinical sites were recruited by open invitation, and study participation was voluntary with no financial incentive. Institutional review board approval was either waived or expedited in all institutions, and informed consent was not required since the study required no deviation from routine medical practice. Patients were followed up until death, hospital discharge, or for 60 days. Patients admitted for routine postoperative observation who stayed in the ICU for Ͻ 24 h were excluded.
Data Management
Detailed instructions explaining the aim of the study, data collection, and definitions for various important items were available for all participants on-line (www.intensive.org) before starting data collection and throughout the study period. The steering committee processed all queries during data collection. Data were collected using preprinted case report forms and entered at the Erasme Hospital (Brussels) by medical personnel using statistical software (SPSS version 11.0 for Windows; SPSS; Chicago, IL). A random sample of 5% of data were reentered by a different encoder and revised by a third encoder; a consistency of Ͼ 99.5% per variable and 98.5% per file was observed during the whole process of data entry. In cases of inconsistency, data were verified and corrected. Daily frequency tables were revised for all variables, and the investigators were queried when data values were either questionable or were missing for required fields. Data collection on ICU admission included demographic data and comorbid diseases.
Clinical status on ICU admission and laboratory data (the worst value within 24 h after ICU admission) were recorded for calculation of the simplified acute physiology score (SAPS) II. 21 Microbiologic and clinical infections were reported daily, as well as the antibiotics administered. A daily evaluation of respiratory, renal, cardiovascular, hepatic, coagulation, and neurologic organ function was conducted using the parameters defined by the sequential organ failure assessment (SOFA) score, 22 with the most abnormal value for each of the six organ systems being collected on ICU admission and every 24 h thereafter. The daily fluid balance was calculated as the total fluid balance divided by the length of ICU stay. The total fluid balance was calculated as the sum of daily fluid balances for the length of the ICU stay. balances were the cumulative fluid balances for those periods. For single missing values, a replacement was calculated using the mean value of the results on either side of the absent result. When the first or last values were missing, the nearest values were carried backward or forward, respectively. When more than one consecutive result was missing, it was considered to be a missing value in the analysis. The mean SOFA score was calculated as the sum of the daily SOFA scores divided by the ICU length of stay, and the maximum SOFA was the highest value reached during the ICU stay.
Definitions
Patients were a priori selected as having ALI or ARDS if they presented all the following: (1) severe hypoxemia, defined by a Pao 2 /fraction of inspired oxygen (Fio 2 ) ratio Ͻ 300 mm Hg for ALI and Ͻ 200 mm Hg for ARDS; (2) presence of bilateral lung infiltrates on the chest radiograph; (3) no clinical evidence of heart failure; (4) absence of COPD or other chronic pulmonary disorders; and (5) invasive mechanical ventilation. Due to the observational nature of this study, the management of ALI/ARDS did not follow a predefined protocol. Patients were identified as being treated with ventilator settings deviating from the ARDSnet protective ventilatory strategy if at any time during the period they matched the criteria for ALI/ARDS, and showed the following: (1) a tidal volume higher than the mean of the tidal volumes used on days 1, 3, and 7 in the low tidal volume group of the ARDSnet trial plus the mean of their SDs (ie, 7.4 mL/kg predicted body weight); (2) a plateau pressure Ͼ 30 cm H 2 O; (3) a positive end-expiratory pressure (PEEP) higher or lower than the level allowed in the ARDSnet trial for a given Fio 2 . These criteria were defined a priori. Values of tidal volume, PEEP, plateau pressure, and Fio 2 were recorded at the same time each day for every 24-h period; the mode of mechanical ventilation was not recorded. The predicted body weight of male patients was calculated as equal to 50 ϩ 0.91 (centimeters of height -152.4); and that of female patients as equal to 45.5 ϩ 0.91 (centimeters of height -152.4). 11, 23, 24 Infection was defined as the presence of a pathogenic microorganism or clinical infection necessitating antibiotic administration. Sepsis, severe sepsis, and septic shock were defined according to the American College of Chest Physicians/Society of Critical Care Medicine consensus conference definitions, 25 and pneumonia was defined according to current recommendations. 26 Trauma, severe trauma, and severe pancreatitis were defined according to standard definitions.
Statistical Analysis
Values are given as mean Ϯ SD or median with interquartile range (IQR). Normal distribution of continuous variables was verified (Kolmogorov-Smirnov test and stratified distribution plots). Difference testing between groups was performed using the two-tailed t test, Mann-Whitney U test, 2 test, and Fisher Exact Test as appropriate. Multivariate forward stepwise logistic regression analysis was performed with ICU outcome as the a priori-identified dependent factor. Variables considered for the multivariable analysis included demographic variables, comorbid diseases, and SAPS II score on ICU admission; sepsis syndromes; fluid balance; procedures; and mean SOFA score as a global measure of organ failure during the ICU stay. Variables were included in the multivariate analysis if found to be significant at univariate analysis with a p value Ͻ 0.2. All variables included in the multivariate model were tested for collinearity. Hosmer and Lemeshow test was used to assess the goodness of fit of the model. Odds ratios with 95% confidence intervals were calculated for statistically significant variables. A p Ͻ 0.05 was considered to be significant.
Results
Of the 3,147 patients included in the SOAP study, 2,025 patients (64.3%) received mechanical ventilation during the ICU stay. Three hundred ninetythree patients (12.5%) had either ALI or ARDS; 85.0% of these patients had ARDS, and 15.0% had ALI. ALI/ARDS was observed on ICU admission in 329 patients (83.5%), while ALI/ARDS developed in the rest 1 to 2 days after ICU admission. Patients with ALI/ARDS had higher ICU (38.9% vs 15.6%, p Ͻ 0.001) and hospital (45.5% vs 21.0%, p Ͻ 0.001) mortality rates. Lengths of ICU and hospital stay, and organ failure scores were higher in patients with ALI/ARDS than in those without (Table 1 ). Compared to patients without ALI/ARDS, patients with ALI/ARDS were younger, were more frequently admitted to the ICU from the hospital floor and from other hospitals, were less frequently admitted from the emergency department (ED), and had a higher incidence of hematologic cancer, severe trauma, pneumonia, shock, sepsis, severe sepsis, and septic shock ( Table 2 ). Central venous, arterial, and pulmonary artery catheters were used more frequently (95% vs 68%, 95% vs 68%, and 26% vs 13%, respectively, p Ͻ 0.001) and for a longer period of time (9 days 24, 48, 72 , and 96 h compared with others; however, the mean daily fluid balance and the whole-stay cumulative balance were comparable between the two groups (Table 3) . Considering only the ventilatory settings during the period when ALI/ARDS criteria were met, a total of 207 patients (52.7%) received ventilation at least once with settings other than the ARDSnet protective ventilatory strategy. Figure 1 shows the distribution of the mean (top) and the maximum (bottom) tidal volumes used during the ALI/ARDS period. One hundred seventy-three patients (44%) received ventilation with a mean tidal volume in the range of 5 to 7 mL/kg predicted body weight and 35 patients (9%) with a mean tidal volume Ն 12 mL/kg predicted body weight; 169 patients (43%) received ventilation with a maximum tidal volume in the range of 5 to 7 mL/kg predicted body weight and 79 patients (20%) with a maximum tidal volume Ն 12 mL/kg predicted body weight. Patients with ALI had lower SAPS II scores (40.7 Ϯ 15 vs 47.7 Ϯ 17.8 , p ϭ 0.005), lower maximum SOFA scores (9.4 Ϯ 3.8 vs 11.1 Ϯ 4.3, p ϭ 0.001), lower incidence of sepsis at any time More nonsurvivors of ALI/ARDS were admitted from another hospital than survivors, but there were no differences in other sources of admission (ie, ED, hospital floor, operating room [OR] ). Compared to patients who survived, nonsurvivors of ALI/ARDS were older, more likely to be female, and had a higher incidence of cancer, higher scores for clinical status and organ failures, and a higher incidence of severe hypoxemia. Survivors were more likely to have been admitted with a diagnosis of trauma than nonsurvivors. The occurrence of infection and sepsis were similar in survivors and nonsurvivors, although septic shock was more prevalent in nonsurvivors. Cumulative fluid balance during the first 24, 48, 72 , and 96 h was higher in patients who did not survive than in patients who survived ALI/ARDS (Table 4) .
Except for PEEP, which was higher in survivors (5.2 Ϯ 3.5 cm H 2 O vs 4.1 Ϯ 3.8 cm H 2 O, p ϭ 0.018), initial ventilatory variables did not differ between survivors and nonsurvivors. During the whole ventilation period, the mean respiratory rate (25 Ϯ 6.7 breaths/min vs 23 Ϯ 7.2 breaths/ min, p ϭ 0.049) and the maximum respiratory rate (33 Ϯ 10.2 breaths/min vs 30 Ϯ 9.1 breaths/min, p ϭ 0.004) were higher in survivors than in nonsurvivors of ALI/ARDS. The maximum PEEP (4.0 Ϯ 3.9 cm H 2 O vs 3.0 Ϯ 3.4 cm H 2 O, p ϭ 0.008) was higher in nonsurvivors (Table 5 ). During the period when patients matched the criteria for ALI/ARDS, the mean respiratory rate (26.1 Ϯ 7.1 breaths/min vs 21.7 Ϯ 7.5 breaths/min, p ϭ 0.005) and the maximum respiratory rate (33 Ϯ 9.5 breaths/min vs 30 Ϯ 9.7 breaths/min, p ϭ 0.003) were higher in survivors than in nonsurvivors of ALI/ARDS (Table 5 ). Higher tidal volumes (Ͼ 7.4 mL/kg predicted body weight) were more common in nonsurvivors (44.4% vs 33.5%, p ϭ 0.019) than in survivors (Table 6) .
A multivariate logistic forward stepwise analysis with ICU outcome as the dependent factor (Table 7) showed that the only factors associated independently with a higher risk of death in patients with ALI/ARDS were the presence of cancer, use of tidal volumes (milliliters per kilogram of predicted body weight) higher than those used by the ARDSnet study, the degree of multiorgan dysfunction, and higher mean fluid balance. Similar results were obtained using hospital mortality as the dependent factor (data not shown).
Discussion
The major finding of our study was that in addition to comorbidities such as cancer, positive fluid balance, and multiple organ failure, use of a tidal volume higher than the one used in the low tidal volume arm of the ARDSnet study was independently associated with a worse outcome from ALI/ ARDS. Infection, sepsis, and septic shock were not associated with a higher mortality. It should be acknowledged that information regarding a number of factors potentially able to influence mortality in the studied population, such as appropriate therapy for sepsis (use of activated protein C, control of glucose level, initial antibiotic therapy, steroid administration), 27 ICU organizational characteristics, 28 were not included in our analysis.
ALI and its most severe form, ARDS, remain common, devastating disorders in critically ill patients, with high morbidity and mortality. In this large cohort of European ICUs, we addressed the epidemiology and aggravating factors of ALI /ARDS. The incidence of ALI/ARDS in our study is higher than that reported previously. 4, 29, 30 This difference can be explained by the fact that only severely ill patients were admitted to our study, as we excluded patients admitted for postoperative monitoring who stayed Ͻ 24 h; also, the long period of follow-up (60 days) could have contributed to the detection of more cases. In addition, 64.3% of our patients received mechanical ventilation during their ICU stay, reflecting the more severely ill patients admitted to our ICUs. Overestimation of ALI/ARDS in our study is unlikely since all patients were hypoxic, with bilateral infiltrates, and no clinical evidence of heart failure. Moreover, we included only patients receiving mechanical ventilation and excluded patients with COPD. In accordance with previous studies 5, 29, 31, 32 that reported an incidence of 11 to 23% of ARDS in patients receiving mechanical ventilation, of 2,025 patients receiving mechanical ventilation in the SOAP study, 393 patients (19.1%) had ALI/ARDS and 334 patients (16.5%) had ARDS. Several experimental studies 33 have shown that hyperinflation of normal alveoli and recruitment/ derecruitment of atelectatic alveoli may occur when large tidal volumes and/or inappropriate levels of PEEP are used. These events may lead to stress failure due to the excessive wall tension of the hyperinflated alveoli and shear stress due to the tidal opening/closing of the collapsed alveoli, inducing the disruption of pulmonary epithelium and endothelium, thus exacerbating lung and systemic inflammation and causing multiple organ failure, 33, 34 a major determinant of outcome from ALI/ARDS. The ARDSnet study 11 compared a traditional tidal volume (12 mL/kg predicted body weight) with lower tidal volume (6 mL/kg of predicted body weight) in 861 patients. In the group receiving lower tidal volumes, plateau pressure could not exceed 30 cm H 2 O and a detailed protocol was used to adjust Fio 2 and PEEP levels. This protocol reduced the hospital mortality rates from 39.8% in the traditional tidal volume group to 31.0% in the low tidal volume group (p ϭ 0.007).
Eichacker and coworkers 19 evaluated the basis for recommending low tidal volume ventilation in ALI and ARDS and, from a metaanalysis of the five clinical trials 11, [15] [16] [17] [18] testing mechanical ventilation with low tidal volumes, suggested that the relationship between tidal volume and outcome is parabolic with a greater risk of mortality associated with low, as well as high, tidal volumes, and raised concerns regarding whether the control group of the ARDSnet was representative of the standard of care. This study generated great controversy regarding the use of a tidal volume of 6 mL/kg ideal body weight as routine treatment for patients with ALI/ARDS. [35] [36] [37] [38] [39] The average tidal volume used during the period when the ALI/ARDS criteria were met ranged from 5 to 15 mL/kg predicted body weight (Table 5) ; 173 patients (44%) received mechanical ventilation with a mean tidal volume in the range of 5 to 7 mL/kg of predicted body weight, while 35 patients (9%) received ventilation with a mean tidal volume Ն 12 mL/kg of predicted body weight (Fig 1, top) . Young et al 14 recently noted in three US hospitals that although the tidal volumes used in patients with ALI/ARDS had fallen since publication of the ARDSnet study, tidal volumes in the range of 6 to 8 mL/kg of predicted body weight were used in Ͻ 10% of the patients, while Ͼ 30% of the studied patients still received tidal volumes Ն 12 mL/kg of predicted body weight. These data confirm that the 6 mL/kg tidal volume approach has not been widely adopted into clinical practice, 13, 14 although lower tidal volumes were more widely used in our study than in that by Young et al. 14 We found that tidal volumes higher than those used by the protective ventilatory strategy of the ARDSnet study 11 were independently associated with higher mortality rates. Weinert and coworkers 13 and Ricard 40 concluded that while there is no doubt that tidal volumes Ͼ 12 mL/kg are detrimental, it is still unknown whether clinicians should apply a principle of precaution and maintain plateau pressure Ͻ 30 cm H 2 O, 41 rather than continuing to titrate tidal volume on the basis of body weight and reduce tidal volume Ͻ 8 mL/kg. 11 Within the limits of an observational study, these data first confirm that the use of tidal volumes higher than the mean of the tidal volumes used on days 1, 3, and 7 in the low tidal volume group of the ARDSnet trial (7.4 mL/kg) is associated with an increased risk of death. We should note that the latter finding is not contradictory with the fact that initial and mean tidal volumes were similar in survivors and nonsurvivors. Initial and mean tidal volumes are global estimates of all patients in each group, so contamination is possible, with higher values masking the lower ones.
Adequate fluid administration is the mainstay in the management of critically ill patients. The optimal fluid management for patients with ALI/ARDS is always challenged by the underlying pathophysiology with increased capillary permeability 8, 42 and associated disorders such as sepsis and circulatory failure, with a dry lung and adequate tissue perfusion on either side of the balance. Simmons et al 8 reported that a higher cumulative fluid balance during the first 14 days was independently associated with mortality in a group of 111 patients with ARDS. Humphrey at al 43 found that reducing microvascular pressures by fluid management improved outcome in patients with ARDS. In accordance with these observations, we found that patients with ALI/ARDS received more fluids during the first 4 days than patients without ARDS; however, the mean ICU stay balance and the cumulative balance were comparable. Nonsurvivors of ALI/ARDS had a higher fluid balance during the first 4 days as well as a higher mean ICU stay and cumulative fluid balance than survivors. Higher mean fluid balance during the ICU stay was independently associated with a higher risk of mortality, although our results could be limited by the absence of insensible water loss in our calculation of fluid balance. In addition, the degree of renal dysfunction could have contributed to the higher fluid balance observed in nonsurvivors. Finally, more severely ill patients with higher mortality might be expected to have a greater fluid balance and, although the degree of organ dysfunction as assessed by the SOFA score was included in the multivariate analysis, this may not have controlled for all aspects of disease severity.
Sepsis was an important associate with ALI/ARDS in our population, occurring in 47.5% of patients, with more than a twofold increase in incidence compared with patients without ALI/ARDS; septic shock also was more prevalent in patients with ALI/ARDS. However, although septic shock was more prevalent in nonsurvivors than survivors, multiple organ failure, but not infection, sepsis, or septic shock, was associated with a higher mortality in patients with ALI/ARDS. These data challenge the concept that sepsis per se is a leading cause of death from ARDS 3, 44, 45 and suggest that the association between sepsis, in its severe forms, and multiple organ failure is most probably the cause.
Despite increased understanding of the pathophysiology of ALI/ARDS and apparent advances in respiratory support technology, there has been no clear decrease in the mortality rate from ARDS over time. 46 Mortality rates from ARDS are cited within the range of 40 to 60%. 2 Only Ullrich et al 47 reported a very low mortality rate of 20%. We found a 39% ICU mortality in patients with ALI/ARDS, and 42% in patients with ARDS only. Preexisting comorbid diseases can be associated with increased mortality due to acute respiratory failure. In our study, only the presence of cancer was independently associated with mortality in patients with ALI/ARDS. Likewise, chronic liver disease has been associated with mortality from ARDS in several studies. [3] [4] [5] Zilberberg and Epstein 48 identified organ transplantation, HIV infection, cirrhosis, active malignancy, and sepsis as independent factors for hospital mortality in patients with ALI. Monchi et al 4 reported that the length of mechanical ventilation prior to ARDS, cirrhosis, and the occurrence of right ventricular failure were associated with an elevated risk of death.
The degree of respiratory failure represented by the Pao 2 /Fio 2 ratio on ICU admission or on the first day of ALI/ARDS was not independently associated with ICU mortality in our patients, confirming the observations of Montgomery et al 49 and Ferring and Vincent, 45 who showed that only 16% of deaths in patients with ARDS were due to respiratory failure. Recently, Bersten et al 30 reported that respiratory failure contributed to death in only 24% of ARDS patients and was the only cause of death in 9% of patients. Likewise, Luhr et al 5 emphasized that the degree of hypoxemia was unimportant in terms of mortality prediction, and Valta et al 50 reported that the Pao 2 /Fio 2 ratio at the onset of ARDS was similar in survivors and nonsurvivors. However, we found that organ dysfunction, as evident by higher SOFA scores, was an independent risk factor for death in our patients, an observation previously reported by several authors. 6, 7, 22, 51, 52 In summary, this large, observational, multicenter study addresses the high incidence of ALI/ARDS in European ICUs (12.5% of admissions) and the high mortality associated with these conditions (approximately 40%). In multivariate analysis, cancer, tidal volumes higher than that proposed by the ARDSnet protective ventilatory strategy, degree of multiorgan dysfunction, and mean ICU fluid balance were independently associated with a high risk of ICU mortality. Sepsis and the Pao 2 /Fio 2 ratio at the onset of ALI/ARDS were not independently associated with higher mortality rates.
